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Introduction

Estuaries provide nursery habitat for many ecologically and economically important fishes (Beck et al. 2001).  However, abundant nutrients in estuarine waters can lead to eutrophication and hypoxia or low dissolved oxygen (DO) in estuarine habitats.  Hypoxia can reduce fish growth rates, limit productive habitat, and increase mortality of young fishes.  Despite a considerable number of laboratory and field studies on the detrimental effect of hypoxia on fish, the behavioral responses of fish to declining DO remains elusive.

The link between hypoxia and fish responses combines behavioral and physiological strategies that can mitigate the effects of exposure.  For example, the ability of fish to sense and avoid a low DO event may limit exposure but may increase predation risk and decrease foraging (Kramer 1987).  In order to understand the sublethal consequences of hypoxia, it is important to determine what DO levels fish avoid and their physiological responses, such as acclimation and metabolic depression.  

Results of studies investigating fish behavior and declining DO generally conclude that fish employ an active and/or a passive strategy.  Fish face a tradeoff between increasing their activity to escape low DO and decreasing their activity to save energy and avoid inefficient anaerobic metabolism.  For example, Domenici (2000) observed that Atlantic herring initially increased swimming speed in response to declining DO, whereas Dalla Via (1998) observed that sole initially decreased activity.  Domenici (2000) suggested that response to declining DO may be life history specific, but this has yet to be empirically determined.

This study investigated the swimming activity of two juvenile estuarine-dependent species (summer flounder, Paralichthys dentatus and weakfish, Cynoscion regalis) as a function of changing dissolved oxygen.  Specifically, we investigated the species-specific changes in swimming speed in response to declining DO, recovery during increasing DO, and the effect of acclimation on weakfish behavior and survival. 

Methods

A video camera attached to a frame grabber and associated image analysis software recorded voluntary swimming speed of both species in a mesocosm tank (2.4m diameter). Fish were introduced to the tank and acclimated for 1h prior to a trial.  Each trial began at 7 mg O2l-1 (100% sat.) and DO was decreased by 1.4 mg O2l-1 (20% sat.) increments to 1.4 mg O2l-1 (20% sat.), at which point DO was reduced to 0.8 mg O2l-1 (15% sat.) and finally 0.4 mg O2l-1 (10% sat.); fish were exposed to each DO level for 30 minutes (Figure 1).  Subsequently, DO was raised in the tank at the same rate to determine when fish resumed normal swimming activity. We tested 17 summer flounder and 18 weakfish. Ten control trials were run with each species for the same time period without DO adjustment.  We also acclimated ten weakfish to diel-cycling hypoxia (1.0-11.0 mg/L) for ten days.  We then observed their behavior with the same methods described above. 

We used repeated measures ANOVA to test for changes in activity and trend analysis to characterize those changes.

Results and Conclusions

The DO conditions we simulated are commonly observed in the tidal headwaters of estuarine creeks which both species use as nursery grounds. It is interesting to note that 24% and 39% of summer flounder and weakfish, respectively, did not survive treatment.  However, when weakfish were acclimated to less severe diel cycling hypoxia and then exposed to treatment, there were no mortalities.

Neither summer flounder (p = 0.093) nor weakfish (p = 0.54) showed significant changes in activity during the control trials.  However, when exposed to declining DO, summer flounder exhibited a significant decrease in activity beginning at ~4.2 mg/L (p < 0.001).  In contrast, weakfish initially increased swimming speed and then decreased activity beginning at ~2.8 mg/L, (p < 0.001) (Fig. 1).  

This interspecific difference in response can probably be attributed to their respective life-history strategies.  Weakfish employ an active strategy followed by a passive strategy.  The active strategy would allow weakfish to increase their search radius for more oxygenated habitat.   In contrast, summer flounder are far less mobile and as such may not have the same behavioral latitude to escape a low DO event, therefore the onset of metabolic depression occurs earlier and lasts longer.

During subsequent exposure to increasing DO, summer flounder never resumed a level of activity observed in control trials.  Weakfish, however, continued to decrease their activity even as DO was increasing, until DO reached ~4.2 mg/L, at which point they resumed a normal level of activity.  Recovery time represents the latent effect hypoxia may have on a fish.  Long recovery times, especially those observed from summer flounder, may have serious consequences in terms of increased predation risk and decreased foraging.

Preliminary results from weakfish acclimated to diel cycling hypoxia reveal that previous hypoxic exposure results in behavioral changes.  Acclimated weakfish exhibit behavior more similar to summer flounder, with one notable exception: the decrease in swimming speed began at 1.4 mg/L (Fig. 2).  Previous exposure may help to prime the respiratory system and lead to changes in the circulatory system that enable weakfish to survive low DO events.  By forgoing the active response observed in non-acclimated weakfish, acclimated weakfish may also save energy and decrease the risk of mortality.
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Figure 3. Mean ((SE) swimming speed of Paralichthys dentatus (top panels) and Cynoscion regalis (bottom panels) with associated DO exposure (dashed line).
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Figure 4 Mean ((SE) swimming speed of Cynoscion regalis (bottom panels) acclimated to diel cycling hypoxia (11( 1 ( 11 mg/L) with associated DO exposure (dashed line).

Acknowledgements

The authors thank K. Stierhoff, D. Tuzzolino, S. Brown, J. Rager, and R. Tyler for their assistance in collection, maintenance, and observation of the fish used during this study.  This research was supported by funding from the National Sea Grant Office, NOAA, U.S. Department of Commerce, under grant numbers NA96RG0029 (Project R/F-21) and Sea Grant Project R/F-23 to T.E.T.


References

Beck, MW, KL Heck, KW Able, DL Childers, DB Eggleston, BM Gillanders, B Halpern, CG Hays, K Hoshino, TJ Minello, RJ Orth, PF Sheridan and MP Weinstein (2001). The identification, conservation, and management of estuarine and marine nurseries for fish and invertebrates. BioScience 51(8): 633-641.
Dalla Via, J, G Van Den Thillart, O Cattani and P Cortesi (1998). Behavioural responses and biochemical correlates in Solea solea to gradual hypoxic exposure. Can. J. Zool./Rev. Can. Zool. 76(11): 2108-2113.
Domenici, P, JF Steffensen and RS Batty (2000). The effect of progressive hypoxia on swimming activity and schooling in Atlantic herring. J. Fish. Biol. 57: 1526-1538.
Kramer, DL (1987). Dissolved oxygen and fish behavior. Environ. Biol. Fish. 18(2): 81-92.
























PAGE  
74

_1144953043.unknown

_1144953559.unknown

